**Core tip:** Spleen elastography is an attractive tool used as an alternative and/or complementary method to assess liver fibrosis, portal hypertension and complications related to cirrhosis. There are several elastography techniques to measure spleen stiffness, all characterized by non-invasiveness and repeatability. Current data from the literature show the higher accuracy of spleen stiffness as compared to liver stiffness, in predicting major complications of cirrhosis. Thus, despite some limitations, spleen stiffness seems to be a better prognostic predictor in patients with chronic liver disease.

INTRODUCTION
============

Elastographic techniques are among the most promising tools developed in the last decade for the non-invasive evaluation of patients with chronic liver disease. Liver stiffness (LS) measurement using transient elastography (Fibroscan^®^) is now a widely accepted and validated method to predict the severity and prognosis of liver disease\[[@B1]-[@B3]\]. However, there is mounting evidence that its diagnostic accuracy can be flawed by the presence of some confounders, such as liver cell inflammation and cholestasis\[[@B4]-[@B9]\] and its performances may be limited in patients with a high body mass index (BMI), narrow intercostal space, or ascites.

Besides this evidence, liver elastography measures hepatic fibrosis which only correlates with the fixed component of portal hypertension (PH) related to intrahepatic resistance but is unable to account for the dynamic component related to hyperdinamic splanchnic circulation and portal venous blood flow\[[@B10]\]. Given these considerations and the known relationship between advanced liver disease and spleen tissue changes, spleen elastography has been proposed and tested as an alternative and/or complementary method to LS for assessing liver fibrosis, predicting complications related to cirrhosis, detecting PH and predicting any presence of esophageal varices (EV).

The aim of this review is to provide, from the current literature data, an extensive overview of the different elastographic techniques used to measure spleen stiffness (SS), with the focus on their feasibility, reproducibility, limitations and diagnostic accuracy to better predict the prognosis of patients affected by chronic liver diseases.

DISCUSSION
==========

Elastographic techniques for measuring SS: feasibility and reproducibility
--------------------------------------------------------------------------

All the elastographic techniques applied to assess SS were at first developed as non-invasive methods to assess LS for staging liver fibrosis and predicting the presence of PH.

**Transient elastography:** Transient elastography (TE) is the first elastographic technique: it became available 13 years ago with the development of FibroScan^®^ (Echosens, Paris, France) used to assess LS. An ultrasound transducer probe is mounted on the axis of a vibrator. Vibrations of mild amplitude and low frequency are transmitted by the transducer, inducing an elastic shear wave that propagates through the underlying tissues. Pulse-echo ultrasound acquisitions are used to follow the propagation of the shear wave and to measure its velocity, which is directly related to the tissue stiffness of the elastic modulus: the stiffer the tissue, the faster the shear wave propagates.

A large amount of literature, consisting of both primary studies and meta-analyses using histology as the reference standard, has analyzed the role of TE in predicting the stage of fibrosis in patients with CLD caused by different etiologies, and has showed that TE accurately predicts hepatic fibrosis stage with very good accuracy especially for severe fibrosis/cirrhosis. TE cut-off values for the different fibrosis stages have been provided from many large-scale studies\[[@B11]-[@B14]\] and by meta-analysis. Results obtained by meta-analysis show cut-offs of TE for liver fibrosis in the range of 7.3-7.9 kPa for the diagnosis of METAVIR fibrosis stage F ≥ 2 and 13.0-15.6 kPa for the diagnosis of liver cirrhosis with AUROC between 0.84-0.87 and between 0.93-0.96 respectively\[[@B15]-[@B19]\].

The main disadvantages of TE are that it requires a dedicated device, the region of interest (ROI) cannot be chosen, it cannot be performed in patients with ascites and can be difficult to obtain in patients with obesity.

Currently TE is also the most common technique used to assess SS. In the absence of guidelines for the measurement of SS, all studies applied the same main rules approved for the measurement of LS (*e.g*., fasting period, success rate, IQR and the minimum number of valid measurements). To date, for the assessment of SS transient elastography is performed with the same probe used to perform LS, with the patient lying supine or prone. Besides the same technical limitations mentioned for LS which are valid also for SS assessment, in some patients the operator is unable to locate the splenic parenchyma because the spleen surface is smaller than the liver surface. In a previous study from our own group both the rate of indeterminate results and failures of SS measurements, decreased over time with operator experience. In particular, the rate of failures decreased from 8%-12%, in the first six months of the study, to 0%-2% in the subsequent 18-24 mo, whereas the rate of unreliable results was 16.6%. Also the inter-observer agreement of SS as expressed by ICC was optimal, being 0.89 in patients with chronic liver disease\[[@B20]\].

A relevant technical aspect is that SS measurements by TE are obtained using a probe validated only for the measurement of LS. Indeed, the acquisition parameters of the FibroScan^®^ (Echosens, Paris, France) were optimized for the stiffness assessment of liver tissues, especially in terms of low-frequency excitation. To accurately assess the stiffness of organs harder than the liver, the acquisition parameters should be probably adapted. Normal spleen stiffness, also in healthy volunteers, is higher in terms of kPa than that of the liver, ranging from 9.4 to 65.2 kPa\[[@B20]\]. Therefore, the use of the Fibroscan^®^ (Echosens, Paris, France) on the spleen of patients with cirrhosis might lead to overestimated stiffness values. Often in patients with cirrhosis and portal hypertension SS measurements reach the maximum value reported by machine, *i.e*., 75 kPa, in order to identify the correct range of SS values and to better stratify them both Calvaruso et al\[[@B21]\] and Stefanescu et al\[[@B22]\] asked Echosens to perform an analysis of their elastograms using software and calculation algorithms that allow for stiffness measurements up to 150 kPa. Using this modified spleen stiffness, the authors obtained interesting results in terms of prediction of both esophageal varices and liver decompensation\[[@B23]\]. However, those authors correctly pointed out that this modified SS measurement probably is not the real spleen stiffness value but only an estimation of it thus efforts should be made to develop a modified probe and software with frequency correction and depth optimization.

Acoustic radiation force impulse techniques
-------------------------------------------

**Point shear-wave elastography:** This is an elastographic technique recently developed and integrated into several conventional ultrasound machines (*e.g*., Siemens, Philips, Hitachi, Esaote *etc*.). It allows the quantitative assessment of tissue stiffness, providing measurements of shear-wave velocity within a small region (fixed ROI size 0.5 cm × 1.5 cm), its localization being monitored by real-time B-mode ultrasound. Results may be expressed in units of shear-wave velocity (m/s) or converted into units of Young's modulus (kPa). The advantage of point shear-wave elastography (pSWE) relates to the opportunity for the operator of positioning the region of interest where to perform measurements with an adequate ultrasound window. In addition, the exam can be performed also in presence of ascites, obesity or narrow intercostal spaces. Several recent reports and meta-analyses have demonstrated that the measurement of LS by pSWE is a valuable method of assessing liver fibrosis\[[@B24]-[@B27]\] while only a few studies have investigated spleen stiffness with this method\[[@B28]-[@B30]\]. The failure rate of acoustic radiation force impulse (ARFI) for liver stiffness determination is similar to that of TE (2.9%)\[[@B27],[@B31]\] and also the reproducibility is good for LS determination whereas insufficient data is available to date regarding the rate of failure and unreliable measurements of SS by pSWE. Its feasibility seems to be similar to that for LS and inter-observer agreement seems to be acceptable but inferior to that on LS\[[@B30],[@B32]\].

Figure [1](#F1){ref-type="fig"} shows an example of spleen stiffness determination by pSWE.

![Spleen stiffness determination by point shear wave elastography.](WJG-22-7857-g001){#F1}

**Real-time two-dimensional SWE:** Real-time two-dimensional SWE (RT 2D-SWE) has the peculiarity that the shear-wave velocities can be measured in a bi-dimensional area (a box of 2.5 cm × 3.5 cm) rather than in a single small point: this way the limitation of pSWE to accidentally investigate small regions of greater or lesser stiffness than average is overcome. Also this technique is incorporated in conventional ultrasound machines and its results are expressed either in m/sec or in kPa. Its failure rate is significantly lower than that of TE and preliminary results suggest that SWE may be better than TE at the diagnosis of clinically significant fibrosis and more reliable in patients with ascites\[[@B33]-[@B37]\]. SS measurement using 2D-SWE has been investigated in even fewer studies. A preliminary study by Cassinotto et al\[[@B38]\] showed excellent intra-observer (ICC 0.96) and inter-observer (ICC 0.87) agreements but the rate of failure was quite high (30%) probably due to the thinness and the more cranial position of the splenic parenchyma and to movements owed to the proximity of the left cardiac ventricle. Findings regarding the diagnostic accuracy of SS determination for the assessment of liver fibrosis are sporadic even if its diagnostic accuracy for liver cirrhosis seems good: a study by Grgurevic et al\[[@B39]\] found an AUROC of 0.82 using a cut-off value of 24 kPa.

Regarding ARFI techniques (pSWE and RT 2D-SWE) there are two relevant critical issues that should be taken into account. Firstly, the quality criteria for the correct interpretation of results (for SS and even for LS) remain to be adequately defined. Secondly, the elastographic techniques which are incorporated into conventional ultrasound devices enabling the choice of where to place the region of interest and whether to confirm or exclude each single measurement, can be more operator-dependent than TE\[[@B40]\].

**Magnetic resonance elastography:** Magnetic resonance elastography (MRE) is an imaging technique that provides full organ coverage\[[@B41]\] and low variability for stiffness measurement as evidenced by excellent inter-scan reproducibility\[[@B42]-[@B44]\] and inter-reader agreement\[[@B45]\]. A correlation between LS by MRE and hepatic fibrosis has been established\[[@B46]\] and MRE has shown to have considerably high reproducibility, feasibility and validity for assessing liver fibrosis\[[@B47]-[@B50]\].

SS measurement using MRE has been investigated in a few studies. Firstly, Talwalkar et al\[[@B51]\] suggested the feasibility of MRE in assessing SS as a non-invasive measure of portal pressure by assessing 38 patients with chronic liver disease. The authors found a strong linear relationship between LS and SS (*r*^2^ = 0.75, *P* \< 0.001) and with a mean SS valued ≥ 10.5 kPa they noted a detection rate of 100% for EV. Similarly, Morisaka et al\[[@B52]\] found that SS had the highest correlation with EV as observed at endoscopy. For discriminating large EV *vs* no EV or small EV only SS showed a significant association (OR = 1.82) with an AUROC of 0.81. Moreover, the authors showed the reproducibility of SS measurements by MRE (Pearson's correlation coefficient 0.898). A recent retrospective study confirmed that LS and SS measured by MRE are strongly associated with the presence of EV\[[@B53]\]. However, all these studies cannot confirm a direct correlation between SS and hepatic vein pressure gradient (HVPG) because the measurement of HVPG was not performed and the presence of PH was only assessed indirectly by the presence of EV at endoscopy. Only in animal models a strong correlation was reported (*r* \> 0.80) between SS measured with MRE and HVPG\[[@B54]\].

A more recent study\[[@B55]\] showed that the performance of SS by MRE for the detection of liver cirrhosis was good (AUROC of 0.87 and 0.92 using single-driver and dual-driver configuration, the latter possibly allowing the simultaneous estimation of LS and SS) but the cut-off values were based on the retrospective patient cohort and the diagnosis of liver cirrhosis was based on clinical history and imaging findings. In addition, the cost and limited availability of MRE actually restrain its use for SS determination in individual patients in the daily clinical practice.

The role of SS in the assessment of liver fibrosis
--------------------------------------------------

The prognosis of chronic liver diseases (CLD) of any aetiology is driven by the liver fibrosis stage, a reliable predictor of cirrhosis. Liver biopsy has traditionally been considered the reference method for evaluating and staging hepatic fibrosis but it is an expensive and invasive procedure that requires physicians and pathologists to be sufficiently trained in order to obtain adequate and representative results\[[@B56]\]. Recently, the determination of liver stiffness by different electrographic techniques (TE and ARFI techniques) has been shown to be a reliable non-invasive predictor of disease severity in chronic liver disease of different etiologies.

Owing to the known relationship between severe chronic liver disease and splenic involvement, in the recent years several studies investigated the role of SS in assessing liver fibrosis as an attractive alternative to liver stiffness\[[@B57],[@B58]\].

Using TE several studies have showed significantly higher SS values in cirrhotic *vs* non-cirrhotic patients\[[@B20]-[@B22]\]. A study by our own group\[[@B20]\] was conducted on 132 patients with chronic liver disease, 48 patients being with hematological disease and 64 healthy controls. In the CLD patients SS showed very good diagnostic estimates in predicting fibrosis stage (Table [1](#T1){ref-type="table"}). In particular for the diagnosis of liver cirrhosis using a cut-off value of 46 kPa the sensitivity was 89%, the specificity 78%, with corresponding LR+ 4.5 and LR- 0.1 and AUROC 0.84. In the study by Bota et al\[[@B28]\] using pSWE the overall diagnostic accuracy of SS in diagnosing the presence of cirrhosis showed an AUROC of 0.91. In Grgurevic et al\[[@B39]\]'s study the ratio between LS and SS is used as an additional indicator of cirrhosis because with liver fibrosis progressing the difference between LS and SS decreased. The study by Cabassa et al\[[@B30]\] showed that if spleen and liver ARFI were combined in a sequential modality even higher accuracy would be achieved. Similarly, to LS the diagnostic accuracy of SS is higher for severe liver fibrosis (F3/F4) than from early fibrosis\[[@B29],[@B30]\]. All these data suggest that SS can be used as an alternative (especially in patients whose liver stiffness determination is not obtainable or is unreliable) or adjunctive diagnostic approach to stage liver fibrosis. However, as of SS, differently to LS, neither large cohort studies nor meta-analyses are available to confirm and validate this technique. Further studies are needed to confirm these interesting data.

###### 

Diagnostic performance of liver stiffness and spleen stiffness for liver fibrosis and esophageal varices\[[@B20]\]

                  **F** ≥ **2 (66%)**   **F = 4 (23%)**    **EV (10%)**                                             
  --------------- --------------------- ------------------ ------------------ ------------------ ------------------ -----------------
  Cut-off (kPa)   8                     36                 12                 46                 19                 65
  Sensitivity     83 (54-76)            76 (61-81)         92 (80-100)        89 (72-99)         73 (59-93)         91 (81-100)
  Specificity     65 (76-98)            80 (65-93)         80 (72-89)         78 (82-96)         47 (34-68)         80 (65-94)
  LR+             2.4                   3.9                4.6                4.5                1.4                4.5
  LR-             0.2                   0.3                0.09               0.1                0.5                0.1
  AUROC           0.85 (0.78-0.92)      0.80 (0.65-0.85)   0.93 (0.88-0.96)   0.84 (0.76-0.93)   0.62 (0.41-0.89)   0.90 (0.79-100)

TE: Transient elastography; EV: Esophageal varices.

The diagnostic estimates for SS determination reported in the primary studies are summarized in Table [2](#T2){ref-type="table"}.

###### 

Primary studies assessing the role of spleen elastography in the staging of liver severe fibrosis/cirrhosis

  **Ref**.                                        **Technique**   **Cut-off**   **Patients**   **Sens**   **Spec**   **LR+**   **LR-**   **PPV**   **NPV**   **AUROC**
  ----------------------------------------------- --------------- ------------- -------------- ---------- ---------- --------- --------- --------- --------- ------------------
  Chen et al\[[@B29]\], 2012 (prospective)        ARFI            3.32          163            80.0       88.4       6.9       0.23      55.5      96.0      0.93 (0.89-0.97)
  Fraquelli et al\[[@B20]\], 2013 (prospective)   TE              46.00         110            89.0       78.0       4.5       0.10      54.7      95.0      0.84 (0.76-0.92)
  Cabassa et al\[[@B30]\], 2015 (prospective)     ARFI            3.05          51             73.0       84.0       4.5       0.32      91.0      77.0      0.80 (0.68-0.93)
  Bota et al\[[@B28]\], 2010 (prospective)        ARFI            2.51          67             85.2       91.7       10.2      0.16      73.3      87.1      0.910
  Grgurevic et al\[[@B39]\], 2015 (prospective)   RT-2D SWE       24.00         66             66.7       86.7       5.01      0.38      75.0      81.3      0.821

ARFI: Acoustic radiation force impulse; AUROC: Area under receiver operative curves; LR+: Likelihood ratio positive; LR-: Likelihood ratio negative; RT 2D-SWE: Real-time two-dimensional shear-wave elastography; TE: Transient elastography; PPV: Positive predictive value; NPV: Negative predictive value.

The role of SS in the assessment of PH and in the detection of esophageal varices
---------------------------------------------------------------------------------

PH is a typical condition of advanced chronic liver disease leading to the formation of EV and other severe complications, such as ascites, portosystemic encephalopathy and sepsis\[[@B59],[@B60]\]. Therefore, this condition is one of the most important causes of morbidity and mortality in patients with liver cirrhosis\[[@B61]\]. Nowadays the reference standard methods to diagnose the presence and grade of PH and EV are HVPG and upper endoscopy, respectively: however, both techniques are invasive, expensive and perceived as unpleasant by patients. Therefore, in the last years several non-invasive methods have been proposed to predict the degree of PH and the presence of esophageal varices. In this regard, several serum biomarkers and ultrasound Doppler signs have been studied. Regarding biomarkers, when used as a single test, their diagnostic accuracy was not optimal in clinical practice\[[@B62]\]. Platelet count combined with spleen diameter, known as Giannini's score, showed good accuracy in excluding the presence of EV\[[@B63]\] but not many studies have evaluated the relationship between Giannini' s score and the degree of PH. The study by Colecchia et al\[[@B64]\] found that its AUROC was inferior compared with other parameters, such as spleen stiffness (AUROC 0.857 *vs* 0.941). Regarding ultrasound signs they were highly specific to the diagnosis of cirrhosis and the presence of PH but their sensitivity was quite low especially leading to a high rate of false negative results especially in compensated cirrhosis patients\[[@B65]\]. In addition, several studies have showed a relevant inter-observer and inter-equipment variability among different diagnostic centers\[[@B66]-[@B68]\].

More recently, there has been considerable interest in the potential use of LS and SS measurements in the detection of significant PH and the prediction of any presence of esophageal varices. One of the determinants of PH is liver fibrosis and LS has proved to correlate strongly with portal pressure as measured by HVPG\[[@B69],[@B70]\] and it may predict clinical decompensation in compensated cirrhotic patients\[[@B71]\]. However, when HVPG values exceed 10-12 mmHg, which are the threshold of clinically significant PH and the development of varices, portal pressure becomes largely independent from liver fibrosis. Accordingly, the ability of liver stiffness to predict the presence and grade of EV is not optimal\[[@B70]\].

Indeed, on considering the physiopathology of PH, in its earlier phases PH depends on the accumulation of fibrillar extracellular matrix, whereas in the later phases the dynamic component related to hyperdinamic circulation and splanchnic vasodilatation become predominant. Splenomegaly plays an important role in the pathophysiology of PH even if it is not clear whether splenomegaly occurs only because of spleen congestion caused by the PH or, according to more recent theories, because of an increase of splanchnic inflow. Indeed, a proliferation of fibrotic hyperplastic components, a hyperactivation of the splenic lymphoid tissue and an increased angiogenesis have been found in the enlarged spleen of rat models with PH induced by portal vein ligation\[[@B72]\].

According to these physiopathogenetic considerations and the anatomic changes that occur at the level of the spleen in cirrhotic patients, spleen stiffness has recently received considerable attention as a potential indicator of PH.

In an animal model Nedredal et al\[[@B73]\] performed MRE to assess SS and direct HVPG measurements and showed a positive correlation between SS and direct portal vein pressure gradient (*r^2^* = 0.86, *P* \< 0.01). In the study by Hirooka et al\[[@B74]\] 60 patients with chronic liver disease of mixed etiology underwent LS and SS measurements by real-time tissue elastography, HVPG determination and upper endoscopy. Among the parameters associated with HVPG, the correlation was closer with SS (*r* = 0.854) than with LS (*r* = 0.51) (*P* \< 0.0001). At multivariate analysis SS was the only independent predictor of HVPG ≥ 12 mmHg (OR = 17.7; 95%CI: 2.6-765; *P* = 0.040)\[[@B74]\]. Similarly, Stefanescu et al\[[@B75]\] found a good correlation between SS and EV using a SS cut-off value of 52 kPa (AUROC 0.74) and showed that using both LS and SS the presence of EV is correctly predicted with an overall diagnostic accuracy of about 90%.

In the study by Colecchia et al\[[@B64]\], 100 patients with HCV-related cirrhosis were consecutively investigated by transient elastography and HVPG: LS and SS significantly correlated with HVPG values and accurately predicted both the degree of PH assessed by HVPG (*r^2^* = 0.85) and the presence of esophageal varices. Moreover, LS and SS at multivariate analysis resulted as the only independent predictors of esophageal varices. Using a SS cut-off value of 41.3 kPa the LR- was 0.029, showing that the test accurately ruled out the presence of esophageal varices and therefore can be efficiently used in a screening strategy.

In a study carried out by our own group we have confirmed these data\[[@B20]\]. In our study SS used as a single test or in combination with LS, accurately has ruled out the presence of esophageal varices (NPV of 100%) using a SS cut-off value \< 48 kPa. Also the study by Sharma et al\[[@B76]\], using TE, found that HVPG was significantly correlated with SS (*r* = 0.433, *P* = 0.001) but not with LS (*r* = 0.178, *P* = 0.20) and using a cut-off value of 40.8 kPa the technique showed a sensitivity of 94%, a specificity of 76%, LR+ and LR- and PPV of 91%, NPV of 84% and a diagnostic accuracy of 89%: Furthermore, the authors found that SS was significantly higher in patients who had large varices (*P* = 0.001) and variceal bleeding (*P* = 0.001).

Later on, in order to better predict the degree of PH, Calvaruso et al\[[@B21]\] used a modified software version for TE, with a range between 1.5 and 150 kPa. As expected, patients with values of 75 kPa by standard TE had mean values of modified spleen TE of 117 kPa (range 81.7-149.5 kPa); linear regression revealed a significant correlation between modified spleen TE and esophageal varix size (*r* = 0.501; β: 0.763; SE 0.1444; *P* \< 0.001). At multivariate analysis only modified SS and AST/ALT ratio resulted independently associated with grade 2/grade 3 EV and, compared to other non-invasive tools in diagnosis of the presence of large EV, modified SS performed better. The best cut-off value of modified SS for predicting the presence of large EV, identified on the ROC curve as the point that maximizes sensitivity and specificity, was 54 kPa (AUROC 0.82; NPV of 90%)\[[@B21]\]. Using modified spleen stiffness measurements, Stefanescu et al\[[@B22]\] reported similar results: a cut-off value of 75 kPa predicted the presence of large EV with an AUROC 0.90; NPV 100%. Despite their interesting results the authors stressed the concept that the correction of SS values using a calculation algorithm in the post-processing of each elastogram improves the SS measurement but better results would have to be obtained using a dedicated, modified probe and software installed on the Fibroscan device.

According to the results of the above mentioned studies, the diagnostic accuracy of spleen stiffness measurement to rule out the presence of PH was higher than that of liver stiffness and other non-invasive ultrasound signs. In particular in their study Colecchia et al\[[@B64]\] observed a better diagnostic accuracy of SS in diagnosing the presence of EV (AUROC 0.94) as compared to PSR (platelet spleen diameter ratio) (AUROC 0.86) (*P* = 0.05). For the detection of PH again SS showed a better accuracy in diagnosing HVPG \>10 mmHg \[AUROC 0.96 *vs* LSPS (LS × spleen diameter/platelet count) = 0.91 (*P* = 0.05) and *vs* PSR = 0.84 (*P* = 0.007)\] and in diagnosing a HVPG \> 12 mmHg \[AUROC 0.96 *vs* LSPS = 0.90 (*P* = 0.048) and *vs* PSR = 0.82 (*P* = 0.003)\]. Greater performance of SS compared to PSR and LSPS emerged also in the study by Sharma et al\[[@B76]\], especially in differentiating patients with large *vs* small varices. No US Doppler signs were considered in these studies among the non-invasive tests probably because they are highly specific to the diagnosis of cirrhosis and PH, but their sensitivity is relatively low, especially in compensated cirrhotic patients\[[@B65]\].

Singh et al\[[@B77]\] recently carried out a meta-analysis that evaluated the diagnostic accuracy of SS in predicting EV and included a total of 12 studies including 1497 patients with chronic liver disease. The analysis found a moderate SS accuracy in detecting the presence of EV (sensitivity 78%, specificity 76%; LR+ 3.4, LR- 0.2, AUROC = 0.86). Similarly, the diagnostic performance of SS in detecting the presence of clinically significant EV was moderate (sensitivity 81%, specificity 66%) even if the rate of false positive and negative results was far from optimal. The heterogeneity of the results among the studies can be related to either differences in the elastographic techniques or geographical differences among the studies (*e.g*., Asian and European populations). No significant differences were observed in the diagnostic accuracy of SS measurements according to the etiology of chronic liver disease but the different techniques used prevent any possible conclusion.

Table [3](#T3){ref-type="table"} summarizes the main studies that assessed SS measurement as non-invasive test to predict the presence of PH and/or EV.

###### 

Primary studies assessing the role of spleen elastography for the detection of esophageal varices

  **Ref**.                                         **Technique**   **Cut-off**   ***n***   **Prevalence**   **Sens**   **Spec**   **LR+**   **LR-**   **PPV**   **NPV**   **AUROC**
  ------------------------------------------------ --------------- ------------- --------- ---------------- ---------- ---------- --------- --------- --------- --------- -------------------
  Stefanescu et al\[[@B75]\], 2011 (prospective)   TE              46.4          174       85%              83.5       71.0       2.90      0.23      93.8      45.5      0.780
  Hirooka et al\[[@B74]\], 2011 (prospective)      RT-SWE          8.24          60        43%              96.0       85.0       6.40      0.04      83.0      97.0      0.91 (0.873-0.99)
  Bota et al\[[@B85]\], 2012 (prospective)         ARFI            2.55          140       43%              96.7       21.0       18.00     0.15      47.6      89.4      0.578
  Colecchia et al\[[@B64]\], 2012 (prospective)    TE              55.00         100       53%              71.7       96.0       17.00     0.29      95.3      75.2      0.941 (0.90-0.98)
  Vermehren et al\[[@B86]\], 2012 (prospective)    ARFI            4.13          166       36%              35.0       83.0       2.06      0.78      54.0      69.0      0.58 (0.49-0.67)
  Calvaruso et al\[[@B21]\], 2013 (prospective)    TE              50.00         96        56%              65.0       61.0       1.70      0.60      69.0      57.0      0.701
  Fraquelli et al\[[@B20]\], 2013 (prospective)    TE              48.00         26        42%              100.0      60.0       2.50      0.01      33.5      98.7      0.90 (0.79-1.00)
  Sharma et al\[[@B76]\], 2013 (prospective)       TE              40.80         200       71%              94.0       76.0       3.90      0.08      91.0      84.0      0.89 (0.84-0.95)
  Takuma et al\[[@B87]\], 2013 (prospective)       ARFI            3.18          340       38.8%            98.5       60.1       2.46      0.02      61.0      98.4      0.93 (0.90-0.96)
  Takuma et al\[[@B88]\], 2016 (prospective)       ARFI            3.36          60        40%              95.4       77.8       4.31      0.05      74.2      96.6      0.93 (0.84-0.98)

ARFI: Acoustic radiation force impulse; AUROC: Area under receiver operative curves; LR+: Likelihood ratio positive; LR-: Likelihood ratio negative; RT 2D-SWE = Real-time two-dimensional shear-wave elastography; TE: Transient elastography; PPV: Positive predictive value; NPV: Negative predictive value.

Finally, limited data is available to date about the reproducibility of the technique and the definition of its methodological standards thus further evidence is needed in this field.

In conclusion, the current techniques for SS determination, even if very promising, are still sub-optimal to replace upper endoscopy as the screening modality of choice to detect any presence of EV.

Recently the Faculty of Baveno VI recommended the determination of LS by TE plus platelet count to identify among patients with compensated advanced chronic liver disease those who can safely avoid screening endoscopy. According to this suggestion, the patients with a LS \< 20 kPa and with a platelet count \> 150000 have a very low risk of having varices requiring treatment and can avoid endoscopy (level of evidence 1b; A)\[[@B78]\]. Several studies are presently on going with the aim of corroborating these data.

Considering the recent finding, SS too should probably be included in these recommendations, especially in the presence of possible confounders of LS determination, when LS measurement is inaccurate or a complementary test. Again further evidence is needed in this area.

Furthermore, it is reasonable to think that composite scores or diagnostic algorithms involving both LS and SS can potentially improve diagnostic accuracy in the prediction of PH and consequentially can avoid the use of other invasive and more expensive examinations.

A few preliminary studies evaluated the correlation of SS and portal pressure before and after the placement of a transjugular intrahepatic portosystemic shunt (TIPS). Gao et al\[[@B79]\] using pSWE showed a statistically significant difference in mean SS values *pre* and *post* TIPS placement (*P* \< 0.001) while mean LS post-TIPS value did not significantly differ from those measured *pre* TIPS placement. Other studies obtained similar results\[[@B80],[@B81]\] suggesting a potential role of spleen elastography to confirm shunt effectiveness and indicate successful portal vein pressure reduction after TIPS placement. While interesting, all these studies had a very small sample size (10-12 patients), SS was measured only over a short period (\< 10 d) and inter and intra-observer variability were not taken into account. Furthermore, in a recent study Novelli et al\[[@B82]\] evidenced a mean SS values reduction in only 58% of the patients who underwent TIPS even if all patients had a reduction in the portosystemic gradient to less than 12 mmHg. In addition, the analysis showed no measurable correlation between SS and portal venous pressure before and after TIPS placement. Thus, further studies are warranted to determine the feasibility and the role of SS in the surveillance of TIPS function.

Finally, one can anticipate that interesting preliminary results would occur in the use of SS to assess changes in portal pressure after liver transplantation reflecting the resolution PH\[[@B83]\].

The role of spleen stiffness in the assessment of the complications of cirrhosis
--------------------------------------------------------------------------------

Considering the recent data supporting the correlation between SS measurements and HVPG levels and considering that HVPG measurement represents the best predictor of clinical decompensation in cirrhotic patients, Colecchia et al\[[@B84]\] prospectively enrolled 92 compensated HCV-related cirrhosis, investigated with laboratory tests, spleen diameter, LS and SS (by TE), HVPG and EGD and followed up for 2 years. Patients on antiviral, beta blocker or diuretic treatment with previous clinical decompensation were excluded. At multivariate analysis the only two independent predictors of complications were SS and Model for End-Stage Liver Disease score (MELD): *P* = 0.0001, *P* = 0.014. The authors elaborated predictive models to detect patients with low risk of decompensation involving SS and MELD or only SS. Considering the simplified model including only SS, the patients with SS values lower than 54 kPa are at low risk (\< 3%) of events at 2 years (Se 97%, LR- 0.05, NPV 97%). Also in their study the predictive accuracy of SS (alone or with MELD) measured by the *c* index does not seem to be higher than to that of HVPG but the presence of varices or other PH non-invasive tests and even HVPG could not provide any adjunctive information: 53.3% of patients had already small varices at their enrollment but the effect of SS on the primary outcome was independent from the presence of EV (interaction SS and EV *P* = 0.232).

Similar findings were observed also in the study by Radu et al\[[@B23]\] who used modified SS (by analysis of each elastogram to obtain an increment of the scale up to 150 kPa) performed on fifty-two compensated cirrhotic patients followed-up for above 13 mo. In their study the authors also calculated a decompensation prediction score involving modified SS, albumin and bilirubin, and found the best cut-off value for predicting liver decompensation (AUROC = 0.70, 95%CI: 0.53-0.85). In that paper a SS cut-off value was not clearly expressed and patient characteristics (diuretic, beta-blocker, antiviral treatment) were not adequately detailed.

Despite these interesting results, those studies presented some limitations, for example a small sample size in Radu's study and the short follow-up period in both studies.

CONCLUSION
==========

In the last few years, among several non-invasive tests proposed to better evaluate liver fibrosis and PH, elastographic techniques have gained an important role and have been firstly applied on the liver.

Currently, liver stiffness is an accepted and validated method to assess liver fibrosis stages and is a complementary test to exclude clinical PH. More recently, spleen stiffness has become particularly attractive as compared to liver stiffness: it appears to better represent the dynamic changes occurring in the advanced stages of liver cirrhosis and also its diagnostic performance in detecting esophageal varices is higher than that of liver stiffness.

For the assessment of liver fibrosis SS showed a good diagnostic accuracy especially when determined by TE and pSWE (AUROC 0.84-0.91). Up to now no meta-analysis is available to confirm these data but it would seem reasonable to use SS when LS is not reliable or its measurement is flawed.

Regarding the detection of PH many single studies have showed an optimal diagnostic accuracy of SS, particularly to rule out the presence of esophageal varices. Only one meta-analysis has been carried out to date, showing an adequate accuracy of SS measurement in detecting the presence of EV. Similarly, the diagnostic performance of SS for the detection of the presence of clinically significant EV (F3) is good enough even if it is not yet clear if this non-invasive tool can replace upper endoscopy to detect the presence of EV. Most importantly, there is a great heterogeneity among the current studies, such heterogeneity being owed to differences in the elastographic technique used and to geographical differences in the study setting.

Recent studies have showed promising yet preliminary results regarding the role of SS measurement in the prediction of cirrhosis-related complications, TIPS function and in the prediction of PH resolution after liver transplantation. These interesting findings should be confirmed by further larger prospective studies.

In conclusion, SS seems to be a very promising tool to be used in the work-up and follow-up of cirrhotic patients, In fact, in addition to the staging of PH, SS determination, alone or in association with other non-invasive markers, can predict the clinical outcome of liver cirrhosis and become a useful tool to stratify patients according to the different level of risk of disease progression and to select those patients requiring further investigations.

However, further studies are needed to better define the quality criteria and the diagnostic performance of spleen elastography techniques in clinical practice.
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